The suicide plasmid pVA838 carrying the operon fusion transposon Tn5-lac was used as a delivery system to introduce TnS-lac into Pseudomonas sp. strain M114. Random, in vivo lac gene fusions were successfully isolated in a one-step conjugation approach with this vector system. TnS-lac-containing exconjugants were recovered at a frequency of -O1-7 per recipient. However, when the mating temperature was increased from the normal growth temperature (28°C) to 34°C, the frequency was increased to 10-4 per recipient. A number of in vivo lac gene fusions were isolated and characterized in strain M114, a potentially important bacterium for biological control purposes.
The direct use of microorganisms as seed inoculants to promote plant growth is an emerging area in agricultural biotechnology. Specific rhizosphere-colonizing fluorescent Pseudomonas spp. have been selected and used to promote the growth of certain crop plants (20, 21, 27) . Plant growth stimulation is due in part to the suppression of deleterious microorganisms in the rhizosphere by the introduced inoculant. Iron deprivation due to the excretion of iron-binding ligands (siderophores) has been proposed as a major factor in the disease suppression ability of these fluorescent Pseudomonas spp. (11) . There are also other important factors to be considered, such as aggressive root colonization (26) , utilization of plant root exudates, and in some cases, the production of antimycotic substances (9, 19) . However, if these strains are to be used commercially as routine biological control agents, a better understanding of the factors involved in all aspects of plant-microorganism interactions is required. In this context, it is important to have the necessary tools and strategies for genetic manipulation in these microorganisms, and the availability of gene fusion technology is consequently of fundamental importance. The (25) . While this technique may be promising, problems have been associated with this strategy for soil bacteria because secondary genetic changes also occur (6, 22) .
Transposon Tn5 mutagenesis has been widely used in soil Pseudomonas spp. for the random generation of mutations (1, 7) . The The pVA838::Tn5-lac vector delivery system was evaluated to determine whether in vivo lac gene fusions could be obtained in Pseudomonas sp. strain M114. The random nature of the TnS-lac insertions was shown by hybridization with a lacZ probe. Genomic insertions were sought in clones that resulted in defects in the following functions: (i) the acquisition of ferric iron by the fluorescent siderophore system, (ii) exopolysaccharide production, and (iii) production of auxotrophic mutants. Two mutants from the auxotrophic group that showed a Lac' phenotype were studied in more detail, and the results obtained facilitated further insight into the regulation of metabolic pathways in Pseudomonas sp. strain M114. One mutant strain, Pseudomonas sp. strain M114S1, was found to require the reduced-sulfur amino acid cysteine or methionine for growth. Further investigation revealed the mutation to be in the initial stages of the sulfur metabolic pathway, i.e., in the conversion of sulfate to sulfite. When this strain was grown in the presence of reduced-sulfur compounds, P-galactosidase levels were reduced to between 600 and 700 U (Fig. lb) . Assays were carried out with cells treated with toluene as described previously by Miller (17) . When the reduced-sulfur compounds were removed from the medium, the cells ultimately stopped growing but the levels of 1-galactosidase increased. Upon addition of the metal chelator EDTA to the medium, further induction of Pgalactosidase was observed (>2,000 U; Fig. lb) . It strain originating from within the TnS-lac element itself. However, since the majority of the TnS-lac-containing Pseudomonas strains did not express significant 3-galactosidase activity, it is unlikely that sequences on the transposon upstream from the lac structural genes contribute to promoter activity. These results indicate that the regulation of this sulfate assimilation pathway in Pseudomonas spp. may normally display a low constitutive level. A second auxotrophic Pseudomonas strain, M114L1, was found to be mutated in the pathway for the biosynthesis of leucine. The enzyme of this pathway that was defective was not determined. This leucine-requiring mutant showed an induced level of P-galactosidase activity (>1,000 U) in minimal medium (Fig. ld) . On addition of amino acids, including leucine, the cells recommended active growth, but P-galactosidase levels were reduced eventually to <10 U ( Fig. lc and d) . These results indicate that regulated in vivo lac gene fusions were constructed in both the sulfate assimilation and the leucine biosynthetic pathways in Pseudomonas sp. strain M114.
A number of mutants other than amino acid auxotrophs were also characterized. Mutants defective in exopolysaccharide production were examined. Some of these mutants showed a Lac' phenotype, but no regulation of the expression of P-galactosidase activity from the promoter sequences involved was detected when the cells were grown on different carbon sources. Twenty-one mutants defective in different aspects of the fluorescent-siderophore iron-scavenging system were also detected. P-Galactosidase activity could not be induced in any of these mutants. This may indicate that in some instances TnS-lac can insert preferentially in a specific orientation. However, this phenomenon was not observed when the TnS-lac transposon was used in M. xanthus (12) .
In conclusion, a delivery system was constructed to introduce Tn5-lac directly into Pseudomonas sp. strain M114; this led to the generation of random in vivo lac gene fusions. This technology will be important in facilitating further study aimed at understanding gene expression in these agronomically important bacteria used for biological control purposes. 
